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EXHAUST TREATMENT APPARATUS 



[0001] Prior Art 

[0002] The invention is based on an exhaust treatment apparatus as generically defined by 
the preamble to the independent claim. 

[0003] A filter for cleaning exhaust gases is already known from DE 3538107 Al, in which 
the material has different porosity along a flow line. 

[0004] Furthermore, ceramic honeycomb filter units are already known from DE 3529684. 
These are based on the wall flow filter principle. The particles entrained by the exhaust are 
separated out at the edges by channels in a ceramic matrix that are closed at the ends and 
through which the exhaust gas flows axially. The charged exhaust here passes through the 
ceramic substrate in accordance with the flow pressure ratios inside the channel and the 
thickness of the filter cake on the ceramic substrate. The substrate can be catalytically 
coated, which permits an oxidation of soot even at lower temperatures. After a certain 
operating duration, the pressure loss at the passage through such a filter increases 
significantly due to the buildup of filtrate. The regeneration of the separated soot on the 
ceramic substrate then takes place by means of oxidation with the residual oxygen in the 
exhaust or through the addition of an oxidation agent, e.g. ozone or nitrogen dioxide. This 
can cause the combustion of the soot on the filter to vary from region to region. The critical 
issue here is primarily those operating states in which a residual quantity of soot collects in 
the downstream region, i.e. at the end oriented away from the inflow region. Due to the 



1 



higher filter cake density, the overaU flow resistance via the filter cake and substrate is 
greater than in the upstream region. The flow then passes through upstream filter region due 
to its preferable flow. The heat released by the chemical conversion of the soot in the 
downstream filter region can no longer be sufficiently dissipated. A local overheating 
occurs, leading to very high temperatures particularly in the downstream filter region. As a 
result, powerful thermal gradients can build up in the ceramic matrix, which can cause 
thermal stresses and even substrate fractures. Another negative effect can be the thermal 
destruction of tiie effective catalytic coating on the wall flow filter, which significantiy 
impairs its function. 

[0005] Advantages of tiie Invention 

[0006] The apparatus according to the present invention, with the characterizing features of 
die independent claim, has the advantage over the prior art of producing a filter or a catalytic 
converter, which, during die regeneration, generates a flow guidance that reduces die danger 
of the development of a zone witii a lower tiirough flow and therefore an increased 
temperature buildup. If the apparatus is embodied in the form of a particle filter, tiien during 
the loading of the filter, an initial difference in die permeabUity is partially compensated for 
by die increase in die filter cake, which is more intense in regions of higher dirough flow. 
Furthermore, different objectives can be advantageously pursued by intentionally varying die 
permeability of die delimiting devices to produce different gradients in die flow resistance. 

[0007] Advantageous modifications and improvements of die apparatus disclosed in die 
independent claim are possible by means of die measures taken in the dependent claims. 
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[0008] It is particularly advantageous to adjust the permeability of the delimiting devices 
and/or the flow resistance of the flow regions through an appropriate choice of the thickness 
of the delimiting devices in the flow direction of the exhaust gas. This variation can easily be 
provided both in the direction of the incoming gases and in the radial dhection; in the latter 
case, different flow channels have different permeabilities and different flow resistances 
depending on their position on a substrate. 

[0009] It is particularly advantageous to radially vary the permeabiUty in order to achieve an 
improved flow distribution or an improved utilization of tiie catalytic converter and/or of die 
filtervolumeoverthecrosssectionofafilterorcatalyticconverter. With a comparatively 
low degree of complexity, this measure advantageously prevents a potential burning-through 
of the filter in ±c outer region, i.e. in the edge region of the filter, and provides for a better 
utilization of the volume. It is therefore also possible to use less expensive filter substrates 
that have a comparatively low heat resistance (e.g. cordierite in comparison to siUcon 
carbide). 

[0010] Oher advantages ensue from the characteristics described in the dependent claims 
and the specification. 

[0011] Drawings 

[0012] Exemplary embodiments of the invention are shown in the drawings and will be 
explained in greater detail in the subsequent description. 
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[0013] Fig. 1 shows a filter with flow regions whose flow resistance decreases in the flow 
direction, 

[0014] Fig. 2 shows an exemplary embodiment whose flow resistance increases in the flow 
direction of the exhaust, 

[0015] Fig. 3 shows a honeycomb filter made of ceramic, with a radial variation of the flow 
resistance, 

[0016] Fig. 4 is a cross-sectional side view of a reservoir catalytic converter, and 
[0017] Fig. 5 shows anotiier exemplary embodiment of the present invention. 
[0018] Description of the Exemplary Embodiments 

[0019] Fig. 1 shows a partial region 10 of a permeable body comprised of silicon carbide 
ceramic or cordierite. The part labeled with the reference numeral 1 denotes the incoming 
exhaust flowing into a flow region 4 shown by way of example, which is embodied in the 
form of a filter chamber. At the end oriented away from the inflow opening 7, the filter 
chamber 4 is delimited by a closure 9 embodied in the form of a closing wall. The flow 
region, which is embodied as square in cross section, is laterally deUmited on each of its 4 
sides by a delimiting device embodied in the form of a filter wall 2. On the side oriented 
toward the filter chamber 4, the filter walls 2 are each covered with a ceramic coating 12 
whose thickness decreases from the inflow opening 7 toward the closed region 9. The 
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exhaus. can pass trough *e flte waUs 2 0,e. fte waUs are peccable) so U«.t on ^ ote 
side of *e fiUer «a..s 2. tt>e exhaus, can once again exi. toe filter body as depicted in the 
sectional view (see the arrows labeled with the reference numeral 5 that indicate the outgoing 
exhaust). The region of the filter chamber 4 oriented toward the inflow opening 7 here 
represents a first region wid. a first flow resistance to die passage of exhaust duough dte 
fdter wall and Ute tegion of the filter chamber 4 oriented toward tt« closed region 9 
represenu a second region 13 with a flow resistance Utat is less dtan the flow resistance of U,e 
region 11. The exhaust-permeable filter body here is composed of a multitude of filter 
chambers 4 that extend paraUel to Ute filter chamber shown m dte drawmg and adjoin direcdy 
above and below the region shown in Fig. 1. 

[0020] TTte exhaus. flows tt>rough a filter body in an intrinsically known manner, in die 
process of which soot can be deposited on dte filter waUs whtte me exhaust penetrates dte 
permeable filter walls 2 and exits dte permeable filter bod, again on dte odter side of dte 
filter waUs tttat deUmit fl.e tespeotive flow region. The additional coating 12 furd-er 
imptoves U,e flow through the filter because tt» flow resistance deceases in U« flow 
direction of dte exhaust. As a result. d,e downstream region of dte filter in ^ vicinity o, dte 
closed regions 9 has a better flow. TWs plays a role primarily in dte regeneration of a particle 
filter because when dtere is poor flow duough dte downstream region, dte dissipafion of heat 
is no longer ass„.«d so that dtermal stresses occur dta. could lead «> damage to d>e filter. The 
coating 12 on d,e filter waUs 2 here has been applied to *e ceramic substrate du.. constitutes 
dre filter walls 2. The overaU flow resistance is consequendy comprised of d,e wall 
resistanceofd,esubstrateandd.e flow resistanceofdteadditionaUyappUed coating 12. The 



5 



variaUon of U,e coating ftidcness can be adj„»«d «„o„gh a correspondingly se.ec«d coating 
process. 

[00211 In an alternative embodiment form, .he coating 12 can be a washcoat that also 
contains catalytically active components. This layer of washcoa, with a suspension of 
aluminum oxide particles on the carrier medium can increase tire effective surfac area 
significantty. for example by up to three orders of magnimde. Tins coating can contain noble 
metals, for example platinum and palladium or mixtirres of these components. coating 
can also contain ceroxide, v-hich encourages oxygen storage. In a simpUfied embodiment 

tite washcoa. or the coating 12 is only applied in the region close to ti>e inflow opening 
of the flow regions or filter chambers 4. while .he las. centime«r. for example, of *e ceranuc 
monoU* remains unc^. h. additton .o an immersion technique with a correspondingly 
reduced immersion depd> for tire washcoa. layer, a preceding masking .echni,ue can also he 
used in anoUrer alternative embodiment form, in lieu of applying the coating 12. the 
„s of the wall material of the filter walls 2 Cose to the closed regions can be reduced. 
This likewise «luces the wall flow resisUnce in elation to the region close to U>e inflow 
opening, which prCKluces tite a^ve-mention ed positive effect on the flow, h, addition to 
being suitable for use wi* ceramic honeycomb fliers, the apparatirs accordh,g to the present 
invention and the method according to the present invention for applying coatings or 
.moving wall material can also be „sed in sintered meUl filters, oxidizing conveners, or 
NOx reservoir catalytic converters. Anotiter al^mative embodiment form involves neiti,er 
the appUcation of a coating nor tite temoval of wall mater^- The fll«r walls confined pores 
Whose area, density, volumetric density, or average si. in tire upstream filter regions can be 
reduced sUghtiy in a controUed manner dtrough the introduction of adational material. Tire 
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material here m»s. be able .0 wite«.d the operating condittons of the fflter and should 
therete be comprised of a suitable ceramic or precursor material that is then fixed by means 
of tempering or firing. Another possibiUty Ues in precipitating particles comprised of 
ceramic or precursor material out of ti« gas phase onto ti.e surface of tire particle filter so 
that they are deposited preferably in tite upstream region of the filter. This coating is ti.en 
affcced to the substrate by means of a corresponding tempering or firing process. 

[00221 Fig. 2 shows a partial region of an alternative honeycomb filter made of ceramic in 
which a coating 14 applied to the filter walls 2 has a thickness that increases in tire flow 
direction of tire exhaust. Analogous to the apparan.s 2 shown in Fig. 1, tins produces regions 

15 and 16 with different flow resistances; in U.e current instance, the flow resistance for the 

exhaust increases toward Uie closed region 9. 

[00231 The goal of this form of the gradient coating is to prevent soot Srom collecting in the 
downst,^«gion of the filter. Because of tire lower flow resistance at the entry to the 
niter, a large part of tire flow occurs in tins region so that tbc maximum amount of soot is 
deposited here. h. Ure upstteam region of the fUter. the regeneration is not problematic, 
however, due to the use of the CRT effect C'CRT' = "continuously regenerating trap"). The 
soot in the upstream filter region is frequently oxidi^ by means of nitiogen dioxide and is 
the first to combust in a fl>ermal oxidation, tirus assuring the convective removal of reaction 
heat along with a favorable flow. 

[0O241 Fig. 3 schematically depicB d,e cross section 17 of a ceramic honeycomb filter. 
Above the cross section 17, ttrere is a graph of the flow .esistance 19 as a function of tire 
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radius r. The structure of the filter walls 2 (see Figs. 1 and 2) is chosen so as to produce the 
radial distribution of the flow resistance depicted in the graph in the individual filter 
chambers disposed parallel to one another. The cylindrically embodied filter body here has a 
radius RO. The flow resistance is the greatest at the center of the filter body and decreases 
toward the edge. There are two discernible regions 20 and 21 with different flow resistances. 
The first region 20 is situated at the center of the filter body and extends from the symmetry 
axis of the cylindrical filter body to a radius R. The second region 21 extends from the radius 
R to the outer edge of the filter body. A corresponding embodiment of the filter walls 
increases the flow resistance in the region 20 in comparison to the flow resistance in the 
region 21. 

[0025] The variation of the flow resistance in the radial direction is mtended to encourage a 
uniform flow through the filter. In filters, the problem frequently arises that the flow passes 
through only the center region of the filter. In diesel particle filters, this can resuh in greater 
quantities of soot being deposited in the outer region of the filter, which can lead to an 
increased thermal load during a regeneration process if a favorable flow does not pass 
through this region. An increased flow resistance in the center region of the filter, i.e. in the 
region 20, shifts the flow more into the outer regions of the filter. In addition, a radial 
gradient in the flow resistance in the individual filter channels, i.e. a differently embodied 
permeability of different flow chamiels. can achieve an improvement in the flow through the 
filter. 

[0026] The production of a higher flow resistance in the center of a filter or catalytic 
converter is not limited to a diesel particle filter but can also be used in oxidizing converters 
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or. for example. NOx reservoir catalytic converters to improve flow distribution over the 
cross section and to improve utilization of the catalytic converter volume. This wiU be 
explained in greater detail in conjunction with Figs. 4 and 5. 

[0027] Fig. 4 shows a cross-sectional side view of a reservoir catalytic converter 30; for the 
sake of simplicity, only half of the reservoir catalytic converter on one side of the symmetry 
line 39 is shown. An exhaust line 3 1 leads via a diffuser 35 to a region of the reservoir 
catalytic converter with parallel flow regions embodied in the form of flow channels 44, 
which, starting from inflow openings 7 oriented toward the diffuser. extend to the mixer 37 
that is comiected to their downstream ends and feeds into a continuing exhaust line 32. The 
flow channels can, for example, have square, circular, or even annular cross-sectional areas 
perpendicular to the exhaust flow; in the latter instance, the schematic depiction is to be 
interpreted such that for each flow chamiel. only half of the side cross section is depicted. 
The flow channels 44 are delimited by delimiting devices embodied in the form of 
catalytically coated channel waUs 46, which, by contrast with the structures shown in Figs. 1 
through 3, are embodied to be impermeable to the exhaust. The Unes labeled with the 
reference numeral 48 represent flow lines of a flowing exhaust and the reference numeral 50 
indicates vortex lines. 

[0028] The cross-sectional areas of the flow channels perpendicular to tiie main flow 
direction of the exhaust from the exhaust line 31 to the exhaust line 32 have the same size in 
ti.e imier region of the catalytic converter as in the edge region of tiie catalytic converter. 
Due to the widening of the flow chamber in the region of the diffuser. however, exhaust 
vortices 50 form in the edge region and the flow through the flow channels on the inside of 



9 



U,e catalyse convener is more powerful fte flow Uuough *e flow channels downsuean. 
of the vortex lines 50 in the edge region of the catalytic converter. 

[00291 Fig. 5 shows a catalytic converter apparatus that is modifled to relation to the 
apparah^s accordtag U. Rg. 4. Components which are the same or similar have been 
provided with the same refetence numerals as to Fig. 4 and are no. described again. The 
chamtel walls 46 are cove^d with coatings 53 whose thicknesses decrease from the inside of 
^ caMytic converter close to the symn^try Une 39 ou, toward the edge region. The 
^erM of the coatings is the same as the material of the channel waUs. but to lieu of betog 
applied to the channel walls 46, a catalyticaUy active coating U provided on dte coatings 53 
that have been applied to the channel walls, "nte flow Unes 55 symbolic the flow path of the 
exhaust, to the edge region of the catalytic converter, dashed Imes depict a flrs. region 57 of 
low flow resistance and to the imter region of the catalyUc converter, dashed lines depict a 
second tegion 58 of high flow resistance. The coattog was produced by means of a mas«ng 
,echni,uetowhichtoparticu.ar.the edge regions ofacatalytic converter base body hadbeen 

coated at the ends before the coatings wete applied to an tomrersion bath, to the storplest 
case, some channel walls to^de the catalytic converter are coated while the channel walls to 
the edge regions of the catalytic converter remato uncoated. Ttte coatmg is comprised of a 

washcoat covering. 

[00301 Thicker coatmgs 53 to the center region of the catalytic converter than to the edge 
„gion of the catalytic converter and/or me mere presence of coattogs 53 to the center region 
o, the catalytic converter (m comparison to uncoated regions to d,e edge region) increases tire 
flow resistance to the center of the catalytic converter to comparison to tite edge region so 
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that in comparison to the apparatus according to Fig. 4. a more uniform flow through all of 
the flow channels is assured (the flow resistance in the region 58 is higher than in the region 
57). Thanks to the flow resistance that decreases from the center out toward the edge, the 
flow of the exhaust in the edge region in comparison to the center is specifically encouraged 
so as to compensate for the different exhaust flow through the channels that occurs when 
there is no coating 53. 

[0031] The catalytic converter can alternatively also be embodied as a three-way catalytic 
converter, an oxidizing converter, or a catalytic converter for selective catalytic reduction. In 
one embodiment variant, the catalytic converter base body can also be prefabricated so that 
the flow channels in the inner region of the body have a greater flow resistance than in the 
edge region. The body then need only be uniformly coated with a catalytically active 
substance in the event that the base body itself does not already contain catalytically active 
materials. In another alternative embodiment form, the coatings 53 themselves can also 
contain the catalytically active material. In addition to washcoat coverings, it is also suitable 
to use any other possible coating method that can provide a uniform appUcation of material in 
the flow chamxels. In an alternative embodiment form, the catalytic converter 30 can also be 
asymmetrically embodied, i.e. it does not need to have a symmetry line 30. 
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